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Abstract
Objective: Little is known about the long-term outcome of patients with
disorders of consciousness (DOCs) such as unresponsive wakefulness syndrome
(UWS) or minimally conscious state (MCS). We describe the disease course of
a large group of DOC patients 2–14 years after brain damage. Methods: In 102
patients (59 UWS, 43 MCS), clinical and demographic variables from disorder
onset were related to the patients’ outcomes 2–14 years after discharge. Etiol-
ogy, age at event, time since onset, gender, and home care versus institutional
care were assessed as predictors and similarities and differences between UWS
and MCS determined. Results: Seventy-one percent of the patients had passed
away or showed no improvement in condition. Twenty-nine percent regained
consciousness and developed some communicative capacities. The time a syn-
drome persisted did not predict clinical outcome in either condition. Six
patients regained consciousness after more than 3 years. Of these, five had been
UWS (42% of recovered UWS, three traumatic origins, one tumor, one
hypoxia) and one MCS (5% of recovered MCS, traumatic origin). In UWS,
younger patients, those cared for at home, and in tendency those with trau-
matic origins, were more likely to recover. In MCS, no reliable outcome predic-
tors were found. Interpretation: Current predictors are too vague for single
patient predictions. This study identifies a subgroup of late-recovering patients,
casting doubt on the 12-month boundary, after which UWS is stated to be per-
manent. Routine reexamination, use of more reliable outcome predictors and
research determining optimal care settings are needed to inform the crucial
decisions made for these patients.
Introduction
Fast emergency rescue and efficient intensive care have
considerably improved the chance to survive severe brain
damage. Unfortunately, physical survival is not always
paralleled by mental recovery, and patients sometimes
remain in states of disorders of consciousness (DOC)s
such as the unresponsive wakefulness syndrome (UWS;
formerly known as the vegetative state1) or the minimally
conscious state (MCS).2 UWS patients show no signs of
awareness of themselves or their environment. Still, they
open their eyes spontaneously and have sleep–wakefulness
cycles.3,4 MCS patients show inconsistent signs of aware-
ness, but are usually able to fixate or to follow simple
commands.
Both states can become permanent and for both there are
very few indicators of functional outcome. The most com-
mon predictors are etiology, age, and time since injury.
UWS patients appear more likely to recover, if they are
under the age of 40 and following traumatic brain injury
(TBI) than following other causes.2–9 The few follow-up
studies on MCS so far suggest a similar etiology–outcome
relationship.6,10 Regarding illness duration, the Multi Soci-
ety Task Force (MSTF) on persistent vegetative state expects
UWS to become permanent after 3 months following
hypoxia and after 12 months following TBI.3,4 For MCS, no
such boundaries exist, but good recovery is likewise thought
to begin within the first few months after onset.5,7,11
Accordingly, follow-up studies typically concentrate on
the first 12 months after onset.4,12,13 Consequently, the
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proportion of deaths occurring within the first year might
be inflated by decisions to terminate further treatment.14
Without more data on long-term recovery chances, prog-
nosis factors, and optimal care, crucial decisions might
rely on incomplete information.
DOC patients often quickly leave the medical system.
In the United States, they are placed “within weeks of
their injuries in widely distributed homes and nursing
homes [. . .]. Thus, they are underrepresented in rich
longitudinal databases [. . .] and difficult to recruit”15
(p. 1852). Therefore, a broad and detailed database on
the natural course of patients with severe DOC is needed.
Lammi10 examined 18 MCS patients 2–5 years after
TBI. Avesani16 conducted a 5-year follow-up on two
UWS patients. Both studies indicate that recovery might
be possible after more than 12 months. Estraneo9 fol-
lowed 50 UWS patients for up to 4 years (mean
2.08 years), identifying six patients (12%) with late
recovery of consciousness. Recovery occurred more often
in young TBI patients but even one hypoxia patient
regained consciousness after more than 1 year. Nakase-
Richardson17 and Whyte18 describe the 5-year outcome of
108 TBI patients and show that patients continue to
improve for several years post injury. A similar optimistic
result was shown by Nakase-Richardsen in a cohort of the
122 military personnel with DOC resulting from mostly
military-related TBI.19 However, they17–19 report on
patient groups who, according to current prognosis fac-
tors (TBI, young, recruited shortly after event) had the
best recovery chances and results need not generalize to
the much broader group of patients with severe DOCs
from varying etiologies.
Several studies investigated sex differences in the reha-
bilitation of brain injuries in general, but not following
DOC. Current studies report that women experience
greater disabilities, have a higher mortality rate20–22, and
show poorer long-term readjustment than men.23
Furthermore, no study compared the outcomes of dif-
ferent types of care, such as patients being cared for at
home versus in nursing homes. Patients treated at home
are particularly understudied and it remains unclear if
similar problems or recovery rates occur in different kinds
of environments.15
Here, we investigate the long-term outcome of a large
group of UWS and MCS patients with various etiologies
and across a wide age range, 2–14 years (mean after
7.9 years) after treatment at a rehabilitation center. Fol-
low-up considerably exceeds previously established
boundaries. Time until recovery onset is assessed and
possible long-term-outcome differences between the
syndromes of UWS and MCS and the applicability of
UWS-outcome predictors such as etiology, age at onset,
or duration to MCS are examined. Long-term outcomes
are compared between men and women and institutional
versus home environments.
Methods
Participants
The initial sample consisted of 175 patients with DOCs
treated between 1994 and 2005 at the neurorehabilitation
hospital “Kliniken Schmieder” (Allensbach, Germany).
Medical files documented patients to have been in either
a UWS (n = 92) or a MCS (n = 83). File ascertainment
ensured the original diagnoses. Evaluated were daily-
recorded nursing and therapy protocols and scores on the
German Koma Remission Skala (KRS – coma remission
scale24), conducted every 4 weeks by the physician in
charge. A patient was defined to be in UWS if all avail-
able data conformed to the MSTF definition of UWS.3,4
If a patient showed signs of awareness but was not able
to functionally communicate or use at least two objects
correctly, he was assigned to the MCS group.2
Materials
The German “Koma remission scale”
Cognitive functioning was evaluated using the KRS.24 The
KRS is a scale designed to monitor and protocol the
improvements of coma, UWS and MCS patients in early
rehabilitation. The KRS has good psychometric properties
and its use is recommended in Germany.24 It was rou-
tinely used at the Kliniken Schmieder and all patients had
multiple documented KRS scores. For comparability, the
KRS was also used for follow-up testing. A translation of
the KRS is provided as Table S4.
Glasgow outcome scale
The Glasgow outcome scale (GOS)25 was used to assess
patients’ progress at follow-up according to five outcome
categories:
1 Death
2 Vegetative state
3 Severe disability
4 Moderate disability
5 Good recovery
Patients deceased at follow-up were classified as GOS 1.
At follow-up, patients were classified as GOS 2 if they
were either in UWS or in MCS. UWS, and MCS were not
further differentiated, since follow-up data were initially
obtained from caregivers and correctly distinguishing
MCS from UWS is a challenge even for trained profes-
sionals.26,27 Patients are referred to as recovered (GOS 3
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or better), if they were able to functionally communicate
(one of the upper boundaries of MCS). Functional com-
munication is such a milestone for relatives that it will
not be missed or forgotten and could be reported reliably
(see also28). Additionally, we visited a group of 30 UWS
and MCS patients for reexamination. Our results on KRS
and GOS did not differ from those given by relatives.
Procedure
A structured telephone interview was conducted 2–
14 years after the initial event. Successfully interviewed
were 92 (59 former UWS and 43 former MCS), out of the
original 175 patients. The patients, their relatives, or care-
givers, were asked to complete the KRS for comparison
with clinical data. If the patients were already deceased,
the relatives were interviewed about the patients’ last
cognitive and medical state, using the same questionnaire.
Thirty former patients were individually reexamined and
comparisons between the relatives’ and the medical staff’s
KRS–scores turned out to be mostly identical, varying
maximally by 1 point. Therefore, distortion of patients’
abilities by caregivers seems highly unlikely.
Additional questions were asked, depending on the
patients’ condition (when/why did death/recovery occur)
and life circumstances (at home or in an institution). Age,
date of event, duration of stay in the rehabilitation unit,
initial KRS scores, and etiology were taken from clinic files.
Statistics
Because some data violated sphericity and normal distri-
bution, nonparametric statistics were used. Significance
level was set at P = 0.05. Multiple comparisons were
adjusted for using the Bonferroni correction.
To compare UWS and MCS patients at different time
points, we used Friedman’s nonparametric two-way
analysis of variance (ANOVA) for dependent samples.
Dunn’s post test was used to compare differences in sum
of ranks between two variables. The Mann–Whitney U
test was used as a nonparametric alternative to the t-test.
The relationship between etiology, gender, type of care,
and a patient’s outcome was assessed using Fisher’s exact
test, calculating likelihood ratio of clinical improvement,
sensitivity, and specificity. For contingency tables with
more than two rows or columns, chi-square calculations
for large contingency tables were used, assessing nonran-
dom association between rows and columns.
To examine the influence of age on a subsequent
death or improvement, the point-biserial correlation was
calculated.
Results
Demographic description of the followed up
patients
Table 1 summarizes the groups’ demographic and clinical
characteristics. For detailed information on single patient
data see Table S1 (MCS patients) and Table S2 (UWS
patients).
KRS
Figure 1 illustrates patients’ KRS scores. For UWS
patients, differences between assessments were highly
Table 1. Patient characteristics and outcome data.
MCS (n = 43; M [SD]) UWS (n = 59; M [SD])
Age 45.1 years (17.1 years) 44.2 years (14.8 years)
Duration of stay at the rehabilitation unit 119.4 days (82.6 days) 105.6 days (115.9 days)
Time between event and admission (where the first KRS was conducted) 1.9 months
(1.6 months)
7.9
(11.4)
Time until Follow-up 8.0 years (3.5 years) 8.8 years (3.1 years)
Patients deceased at follow-up (GOS 1) 15 (35%) 28 (48%)
Patients with no change in condition (GOS 2) 10 (23%) 19 (32%)
Patients recovered (all patients able to functionally communicate; GOS 3–5) 18 (42%) 12 (20%)
GOS 3 10 (23%) 11 (18%)
GOS 4 5 (12%) 1 (2%)
GOS 5 3 (7%) 0 (0%)
Gender distribution (m/f) 27/16 48/11
Type of injury (TBI/Hypoxia/Others) 24/6/13 25/19/15
MCS, minimal consciousness state; UWS, vegetative state; M, arithmetic mean; SD, standard deviation; GOS, Glasgow outcome scale; m, male;
f, female; TBI, traumatic brain injury. Patients were considered as recovered if they at least reached the ability to functionally communicate again.
Type of injury, Others = combined causes of condition (TBI and Hypoxia) as well as tumors, stroke or encephalitis. None of these parameters
(except of “time between event and admission”) differed significantly between the two patient groups.
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significant (Fr(2) = 56.82; P < 0.0001,). They had higher
KRS scores at discharge than at admission (difference-
in-rank-sum = 49.50, P < 0.001,), and at follow-up
compared with admission (difference-in-rank-sum =
67.50, P < 0.001). The difference between discharge and
follow-up did not reach significance (difference-in-rank-
sum = 18, P > 0.05).
Likewise, in MCS patients the difference between assess-
ments was highly significant (Fr(2) = 42, P < 0.0001).
Significant differences between admission and discharge
(difference-in-rank-sum = 38.0, P < 0.001), as well as
between admission and follow-up (difference-in-rank-
sum = 46.0, P < 0.001) were also present, but there was,
on average, no significant change between discharge and
follow-up (difference-in-rank-sum = 8.0, P > 0.05).
Life expectancy and the impact of etiology,
age, gender, and type of care on
subsequent death
Life expectancy
UWS patients who had died did so on average 2.7 years
(SD 2.3, range 0–9 years), MCS patients, on average,
4.5 years after discharge (SD 3.4, range 0–12 years).
Because of the wider range in MCS, (see Fig. 2), this dif-
ference was only marginally significant (Mann–Whitney U
test = 128.5, P = 0.069). However, MCS patients clearly
tended to have a longer life expectancy. The most com-
mon cause of death in both patients groups was pneumo-
nia. Other common reasons were multiple organ failure,
infection, stroke, and embolism.
Age
Figure 3 shows patients’ age at event, their condition at
the beginning of the rehabilitation, and whether or not
they were still alive at follow-up. There was no clear cor-
relation between a patients age at event and a subsequent
death (UWS patients: r = 0.173, P = 0.189; MCS
patients: r = 0.265, P = 0.086).
Etiology
No meaningful relationship between etiology (TBI,
hypoxia, others) and subsequent death was identified.
Chi-square contingency tables were insignificant for UWS
(v2(2) = 2.28, P = 0.245) and MCS (v2(2) = 1.08,
P = 0.583) patients.
Figure 1. KRS scores of UWS and MCS patients across the three
time points of admission, discharge, and follow-up on the group
level. Vertical bars are standard deviations. Figure 2. Life expectancy of UWS and MCS patients in this study.
Vertical bars are means and standard deviations.
Figure 3. UWS and MCS patients alive and deceased at follow-up
depending on the patient’s age at event.
4 ª 2014 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.
Will Time Heal? I. Steppacher et al.
Fisher’s exact test showed no differences between the
likelihood of death in UWS or MCS following TBI
(P = 0.24), anoxic causes (P = 1.00), or other etiologies
(P = 0.71).
Gender
In both disorders, male and female patients were equally
likely to die. UWS: (P = 0.530, sensitivity = 0.15, specific-
ity = 0.78, Likelihood ratio = 0.68); MCS: (P = 0.34, sen-
sitivity = 0.27, specificity = 0.57, Likelihood ratio = 0.62).
Type of care
UWS patients tended to die more often in institutional
care (P = 0.051, sensitivity = 0.29, specificity = 0.41,
Likelihood ratio = 0.48). From 34 patients cared for
institutionally, 20 passed away, whereas from 21 patients
treated at home, 15 were still alive.
In MCS, no association between a subsequent death and
type of care was identified (P = 0.26, sensitivity = 0.28,
specificity = 0.50, Likelihood ratio = 0.56).
Time course of recovery
Twelve UWS patients recovered consciousness over time
(GOS 3 and better). Seven of them (58%) did so within
the first few months after the causal event. The other five
(42%) began to recover after 3–5 years. On average, con-
sciousness was recovered 22.4 months after the event
(range 1–60 months).
Eighteen MCS patients recovered consciousness. Sixteen
(89%) showed a gradual improvement from acute coma
to UWS and MCS immediately after the event and into
the range of severe disability within the first 3 months.
However, two patients (11%) improved after 10 months
or 3 years, respectively. On average, MCS patients
recovered 4.0 months after the event (range from
1–36 months).
The mean recovery time differed between UWS and
MCS patients (Mann–Whitney U test = 28.00, P =
0.0006), UWS patients recovering later. Patients that
recovered consciousness after more than 12 months are
described in more detail in Table S3.
Impact on recovery of etiology, age, gender
and type of care
Etiology
In UWS, recovery was somewhat more likely following
TBI than hypoxia (P = 0.056; sensitivity = 0.32; specific-
ity = 0.95; Likelihood-ratio 6.08). Following TBI, patients
were six times more likely to recover to GOS 3 or better.
Taking the rare “other” origins (encephalitis, tumors,
electric shock) also into account, only a slight trend was
found (v2(2) = 4.74, P = 0.09) due to the large variability
among other causes.
MCS etiology did not affect prognosis at all. The distri-
butions were similar for traumatic and hypoxic origin
(P = 1.00; sensitivity = 0.46; specificity = 0.50; Likeli-
hood-ratio = 0.92) and also taking other etiologies into
account (v2(2) = 0.84, P = 0.66). Thus, all etiologies had
similar chances to improve from MCS.
Age
In UWS, but not MCS, younger age was correlated with
subsequent recovery (UWS: r = 0.309; P = 0.017; MCS:
r = 0.235; P = 0.129).
Gender
Gender had no influence on subsequent recovery in either
group (MCS: P = 1, sensitivity = 0.39, specificity = 0.64,
Likelihood-ratio 1.08; UWS: P = 1, sensitivity = 0.15,
specificity = 0.80, Likelihood-ratio = 0.79).
Type of care
In the UWS group there was a significant relationship
(P = 0.02, sensitivity = 0.43, specificity = 0.88, Likelihood
ratio = 3.6). Nine of the 13 recovered patients were
cared for at home. On the other hand, 30 of 42 patients
without progress were cared for in an institution. In
MCS, type of care was not associated with outcome
(P = 0.14, sensitivity = 0.62, specificity = 0.70, Likelihood
ratio = 2.1).
Treatment onset
There was no significant correlation between months
before admission to rehabilitation and recovery for either
UWS (r = 0.07, P = 0.62) or MCS (r = 0.13, P = 0.44).
Discussion
We investigated the disease course of UWS and MCS
patients from various etiologies 2–14 years after disease
onset. Very few studies have assessed the long-term
outcome of similarly sized groups of DOC patients17–19
and those who did, did not distinguish between UWS
and MCS.
In general, MCS patients were more likely to survive
than UWS patients; on average they lived longer (albeit
sometimes without further progress) and regained
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consciousness more often and significantly faster. They
also had better chances to recover to a higher outcome
level, confirming MCS as a less severe disorder than
UWS. The better outcome of MCS patients cannot be
accounted for solely by different starting points. UWS
patients arrived at the rehabilitation center on average
after 1.9 months (SD = 1.6), whereas MCS patients were
admitted after 7.9 months (SD = 11.4). Thus, the UWS
patients had every chance to recover. By contrast, patients
in MCS had been in this condition for quite a while, such
that further progress was by no means guaranteed. Still
they improved more often and to a better outcome than
UWS patients did.
For UWS, this study confirms previous results, with
younger patients and in tendency also TBI patients hav-
ing better chances to recover.3,4,29 These factors were sig-
nificant on a group level, but their magnitude comes
nowhere close to allowing for single case prediction. Eti-
ology may have lost some of its prognostic power due to
medical progress. For instance, therapeutic hypothermia
selectively improves outcome of hypoxic coma patients
and significantly reduces the mortality rate and severity of
persisting deficits following cardiopulmonary reanima-
tion.30 Hypothermia has risen to a standard treatment in
intensive care units relatively recently,31 potentially reduc-
ing the previous advantage of TBI over other causes. A
similar case might be made for age: Better general health
at higher ages and advances in medical care may have
reduced the younger patients’ advantage.
For MCS, we failed to find any prognostic factors: Nei-
ther age, nor illness duration, or etiology had any signifi-
cant impact on prognosis. MCS not only differs from
UWS in presentation but also in course and outcome
deserving specific clinical and scientific attention. The clin-
ical distinction between UWS, MCS or other states such as
looked-in syndrome, can be problematic and a misdiagno-
sis rate of up to 40% is assumed.26,27,32,33 We made every
effort to confirm the patients’ initial diagnoses28 and the
continuing difference in KRS scores indicates successful
group separation. Following an initial misdiagnosis rate of
up to 40%, there would be no basis for stable differences.
Investigating recovery onset, two groups of patients were
identified: one that began to recover early and a second
group, beginning to recover 3–5 years after the event. In
UWS, this second group is hardly smaller than the group
recovering within the first 12 months. Therefore, on an
individual patient level, the statement that UWS becomes
permanent after 1 year is not confirmed. This study identi-
fies UWS patients who recover even after more than
4 years, very late recovery occurring in one TBI patient,
one tumor patient and one hypoxia patient.
The majority of MCS patients recovered within the
first few months. But even in MCS, late recovery was
observed in two patients, which is in line with Lammi
et al. who concluded: “prognostic statements based on
length of time a person is in the MCS cannot be made
with confidence”10 (p. 746). Therefore, setting a time
limit on recovery expectations, with all the known conse-
quences like restriction of further therapies and dismissal
from rehabilitative hospitals, appears premature.
For both patient groups significant advances could be
achieved during rehabilitation, even if patients received
treatment after many months. For example, a MCS
patient (Table S1, patient 5) who was admitted to the
rehabilitation center 4.5 years after hypoxia with a KRS
score of 14 improved to a KRS score of 24 as therapists
were able to establish a communication channel.
Although she remained completely dependent in everyday
life, she became able to communicate her needs and
feelings. Beneficial effects of active rehabilitation of DOC
are in line with Nakase-Richardson and Whyte, who also
observe “a large number of cases of recovery of con-
sciousness during the inpatient rehabilitation [. . .]” (17 p.
63). Still, most patients, even if they regain communica-
tive capabilities, remain disabled to varying, often consid-
erable extents (see Tables S1, S2).
If progress is absent from the beginning, patients have
a severely reduced life expectancy. This is not surprising,
given their immobility and often impaired reflexes, putt-
ing them at risk for medical crises. More severe brain
injuries might be expected to result in higher risk of
death. Indeed, more UWS (48%) than MCS (35%)
patients had passed away at follow-up and MCS patients
lived longer even without further recovery (UWS about
2 years, MCS about 4 years). These data are in accord
with general findings of higher life expectancy after TBI if
mobility is regained.34,35
Gender had no influence on recovery in either patient
group. Male patients and female patients did not differ in
recovery chances or subsequent death rates. However,
their genders were not equally represented in our sample.
Interestingly, in UWS type of care affected outcome.
Nine of the 13 recovered patients were looked after at
home, whereas 30 of the 42 who did not recover were
cared for in an institution. UWS patients also tended to
die more often if transferred into an institution after
rehabilitative treatment. This may be due to factors such
as familiar routines, a possibly enriched home environ-
ment, or closer contact between family members and
patients, which may help prevent medical crises. On the
other hand, motivational factors may influence the deci-
sion to take a patient home or more instable patients
may be more likely to be transferred into institutional
care. Our data is not detailed enough to identify specific
factors influencing outcome or to differentiate between
homes for the elderly and specialized facilities. Apparently
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the type of care is statistically related to long-term out-
come, but causes remain speculative.
In summary, this study has the following key findings:
First, none of the routinely used prognosis factors for
UWS showed any prognostic value for MCS. Second,
even if prognosis factors were significant on a group level,
effects were relatively weak and could not predict a single
patient’s outcome. More specific prognostic instruments,
such as EEG markers13,28,36–38 might facilitate better out-
come prediction. Third, and most importantly, UWS and
MCS do not become permanent after 1 year. There are
patients with various etiologies recovering after several
years in stable UWS or MCS. Finally, the care setting was
related to the likelihood of recovery and with appropriate
therapy even more patients might regain consciousness
after being in UWS and MCS for several years. Thus,
patients should have access to reexamination and optimal
care including rehabilitative therapies even if the success
of these therapies cannot be seen immediately.
Acknowledgments
We thank Tobias Schertler and Sarah Klepper for their
help with data collection and analysis and all the
patients and their relatives contributing to this study.
The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the
manuscript.
Authors´ Contribution
I. S.: acquisition, analysis and interpretation of data,
drafting the manuscript. M. K.: acquisition of data, revi-
sion of the manuscript. J. K.: conception and design,
interpretation of data, drafting the manuscript.
Conflict of Interest
None declared.
References
1. Laureys S, Celesia GG, Cohadon F, et al. Unresponsive
wakefulness syndrome. A new name for the vegetative state
or apallic syndrome. BMC Med 2010;8:68.
2. Giacino JT, Ashwal S, Childs N, et al. The minimally
conscious state: definition and diagnostic criteria.
Neurology 2002;58:349–353.
3. Medical aspects of the persistent vegetative state (1). The
Multi-Society Task Force on PVS. N Engl J Med
1994;330:1499–1508. DOI: 10.1056/NEJM199405263302107
4. Medical aspects of the persistent vegetative state (2). The
Multi-Society Task Force on PVS. N Engl J Med
1994;330:1572–1579. DOI: 10.1056/NEJM199406023302206
5. Eilander HJ, Wijnen VJM, Scheirs JGM, et al. Children
and young adults in a prolonged unconscious state due to
severe brain injury: outcome after an early intensive
neurorehabilitation programme. Brain Inj 2005;19:425–436.
6. Luaute J, Maucort-Boulch D, Tell L, et al. Long-term
outcomes of chronic minimally conscious and vegetative
states. Neurology 2010;75:246–252. DOI: 10.1212/WNL.
0b013e3181e8e8df
7. Giacino JT, Kezmarsky MA, DeLuca J, Cicerone KD.
Monitoring rate of recovery to predict outcome in
minimally responsive patients. Arch Phys Med Rehabil
1991;72:897–901.
8. Pagni CA, Giovanelli M, Tomei G, et al. Long-term results
in 62 cases of post-traumatic complete apallic syndrome.
Acta Neurochir (Wien) 1977;36:37–45.
9. Estraneo A, Moretta P, Loreto V, et al. Late recovery after
traumatic, anoxic, or hemorrhagic long-lasting vegetative
state. Neurology 2010;75:239–245. DOI: 10.1212/WNL.
0b013e3181e8e8cc
10. Lammi MH, Smith VH, Tate RL, Taylor CM. The
minimally conscious state and recovery potential: a
follow-up study 2 to 5 years after traumatic brain injury.
Arch Phys Med Rehabil 2005;86:746–754. DOI: 10.1016/j.
apmr.2004.11.004
11. Katz DI, Polyak M, Coughlan D, et al. Natural history of
recovery from brain injury after prolonged disorders of
consciousness: outcome of patients admitted to inpatient
rehabilitation with 1–4 year follow-up. Prog Brain Res
2009;177:73–88. DOI: 10.1016/S0079-6123(09)17707-5
12. Rappaport M, Dougherty AM, Kelting DL. Evaluation of
coma and vegetative states. Arch Phys Med Rehabil
1992;73:628–634.
13. Wijnen V, van Boxtel G, Eilander H, de Gelder B.
Mismatch negativity predicts recovery from the vegetative
state. Clin Neurophysiol 2007;118:597–605. DOI: 10.1016/j.
clinph.2006.11.020
14. Turgeon AF, Lauzier F, Simard J, et al. Mortality
associated with withdrawal of life-sustaining therapy for
patients with severe traumatic brain injury: a Canadian
multicentre cohort study. Can Med Assoc J
2011;183:1581–1588. DOI: 10.1503/cmaj.101786
15. Whyte J, Nakase-Richardson R. Disorders of
consciousness: outcomes, comorbidities, and care needs.
Arch Phys Med Rehabil 2013;94:1851–1854. DOI: 10.1016/
j.apmr.2013.07.003
16. Avesani R, Gambini MG, Albertini G. The vegetative state:
a report of two cases with a long-term follow-up. Brain Inj
2006;20:333–338. DOI: 10.1080/02699050500487605
17. Nakase-Richardson R, Whyte J, Giacino JT, et al.
Longitudinal outcome of patients with disordered
consciousness in the NIDRR TBI Model Systems Programs.
J Neurotrauma 2012;29:59–65. DOI: 10.1089/neu.2011.1829
18. Whyte J, Nakase-Richardson R, Hammond FM, et al.
Functional outcomes in traumatic disorders of
ª 2014 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association. 7
I. Steppacher et al. Will Time Heal?
consciousness: 5-year outcomes from the National Institute
on Disability and Rehabilitation Research Traumatic Brain
Injury Model Systems. Arch Phys Med Rehabil
2013;94:1855–1860. DOI: 10.1016/j.apmr.2012.10.041
19. Nakase-Richardson R, McNamee S, Howe LL, et al.
Descriptive characteristics and rehabilitation outcomes in
active duty military personnel and veterans with disorders
of consciousness with combat- and noncombat-related
brain injury. Arch Phys Med Rehabil 2013;94:1861–1869.
DOI: 10.1016/j.apmr.2013.05.027
20. Roquer J, Campello AR, Gomis M. Sex differences in
first-ever acute stroke. Stroke 2003;34:1581–1585.
21. Glader EL, Stegmayr B, Norrving B, et al. Sex differences
in management and outcome after stroke. A Swedish
national perspective. Stroke 2003;34:1970–1975.
22. Martınez-Sanchez P, Fuentes B, Fernandez-Domınguez J,
et al. Young women have poorer outcomes than men after
stroke. Cerebrovasc Dis 2011;31:455–463. DOI: 10.1159/
000323851
23. Corrigan JD, Lineberry LA, Komaroff E, et al.
Employment after traumatic brain injury: differences
between men and women. Arch Phys Med Rehabil
2007;88:1400–1409. DOI: 10.1016/j.apmr.2007.08.006
24. Voss, A. Standard der neurologischen-neurochirurgischen
fr€uhrehabilitation. Ein konzept der arbeitsgemeinschaft
neurologisch-neurochirurgische fr€uhrehabilitation. In:
v.Wild K, Janzik HH, editors. Spectrum der
neurorehabilitation: fr€uhrehabilitation; rehabilitation von
kindern und jugendlichen. Bern, Wien, New York:
Zuckerschwerdt, 1993. p. 112–120.
25. Jennett B, Bond M. Assessment of outcome after severe
brain damage. Lancet 1975;1:480–484.
26. Childs NL, Mercer WN. Misdiagnosing the persistent
vegetative state. Misdiagnosis certainly occurs. BMJ
1996;313:944.
27. Strens LHA, Mazibrada G, Duncan JS, Greenwood R.
Misdiagnosing the vegetative state after severe brain injury:
the influence of medication. Brain Inj 2004;18:213–218.
DOI: 10.1080/0269905031000149533
28. Steppacher I, Eickhoff S, Jordanov T, et al. N400 predicts
recovery from disorders of consciousness. Ann Neurol
2013;73:594–602. DOI: 10.1002/ana.23835
29. Eilander HJ, Timmerman RBW, Scheirs JGM, et al.
Children and young adults in a prolonged unconscious
state after severe brain injury: long-term functional
outcome as measured by the DRS and the GOSE after
early intensive neurorehabilitation. Brain Inj 2007;21:
53–61. DOI: 10.1080/02699050601151795
30. Mild therapeutic hypothermia to improve the neurologic
outcome after cardiac arrest. N Engl J Med 2002;346:
549–556.
31. Deakin C, Nolan J, Soar J, et al. Erweiterte
Reanimationsmaßnahmen f€ur erwachsene (“advanced life
support”). Notfall Rettungsmed 2010;13:559–620. DOI: 10.
1007/s10049-010-1370-3
32. Andrews K, Murphy L, Munday R, Littlewood C.
Misdiagnosis of the vegetative state: retrospective study in
a rehabilitation unit. BMJ 1996;313:13–16.
33. Cranford R. Misdiagnosing the persistent vegetative state.
BMJ 1996;313:5–6.
34. Whitnall L. Disability in young people and adults after
head injury: 5-7 year follow up of a prospective cohort
study. J Neurol Neurosurg Psychiatry 2006;77:640–645.
DOI: 10.1136/jnnp.2005.078246
35. Strauss DJ, Shavelle RM, Anderson TW. Long-term
survival of children and adolescents after traumatic brain
injury. Arch Phys Med Rehabil 1998;79:1095–1100.
36. Guerit JM, Verougstraete D, de Tourtchaninoff M, et al.
ERPs obtained with the auditory oddball paradigm in
coma and altered states of consciousness: clinical
relationships, prognostic value, and origin of components.
Clin Neurophysiol 1999;110:1260–1269.
37. Cavinato M, Freo U, Ori C, et al. Post-acute P300 predicts
recovery of consciousness from traumatic vegetative state.
Brain Inj 2009;23:973–980. DOI: 10.3109/
02699050903373493
38. Lew, HL, Dikmen, S, Slimp J, et al. Use of
somatosensory-evoked potentials and cognitive
event-related potentials in predicting outcomes of patients
with severe traumatic brain injury. Am J Phys Med
Rehabil 2003;82:53–61; quiz 62-4, 80. DOI: 10.1097/01.
PHM.0000043771.90606.81
Supporting Information
Additional Supporting Information may be found in the
online version of this article:
Table S1. Individual data of MCS patients, this table
includes individual data for each patient (gender, age at
event, event year, year of death, etiology, coma remission
scale scores at admission, discharge, and follow-up, Glas-
gow outcome scale scores a patients abilities of daily liv-
ing, years of education, and where he is currently looked
after).
Table S2. Individual data of UWS patients, this table
includes individual data for each patient (gender, age at
event, event year, year of death, etiology, coma remission
scale scores at admission, discharge, and follow-up, Glas-
gow outcome scale scores a patients abilities of daily liv-
ing, years of education, and where he is currently looked
after)
Table S3. Description of patients with late recovery; this
table includes individual data of all patients that begin to
recover more than 12 months after the initial event.
Table S4. Translation of the KRS Scale.
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